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controlled, randomized, parallel-group, non-
inferiority study to compare the efficacy

of goal-directed tranexamic acid administration
based on viscoelastic test versus preemptive
tranexamic acid administration

on postoperative bleeding in cardiovascular
surgery (GDT trial)
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Abstract

Background Tranexamic acid (TXA) effectively attenuates hyperfibrinolysis and preemptive administration has been
employed to reduce bleeding and blood transfusions in various surgical settings. However, TXA administration could
be associated with adverse effects, such as seizures and thromboembolic risks. While patients with fibrinolysis shut-
down showed greater thromboembolic complications and mortality, TXA administration may aggravate the degree
of shutdown in these patients.

Selective TXA administration based on the results of rotational thromboelastometry (ROTEM) would be non-inferior
to preemptive TXA administration in reducing postoperative bleeding and beneficial in reducing its risks in patients
undergoing cardiovascular surgery.

Methods This non-inferiority, randomized, double-blind, placebo-controlled, multicenter trial will be performed in 3
tertiary university hospitals from August 2023 to March 2025. Seven hundred sixty-four patients undergoing cardio-
vascular surgery will be randomly allocated to get TXA as a preemptive (Group-P) or goal-directed strategy (Group-
GDT) in each institution (with a 1:1 allocation ratio). After anesthesia induction, TXA (10 mg/kg and 2 mg/kg/h)

and a placebo are administered after anesthesia induction in Group-P and Group-GDT, respectively. ROTEM tests are
performed immediately before weaning from CPB and at the considerable bleeding post-CPB period. After getting
the test results, a placebo is administered in Group-P (regardless of the test results). In Group-GDT, placebo or TXA
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is administered according to the results: placebo is administered if the amplitude at 10 min (A10-EXTEM) is >40 mm
and lysis within 60 min (LI6GO-EXTEM) of EXTEM assay is > 85%, or TXA (20 mg/kg) is administered if A10-EXTEM

is <40 mm or LI6O-EXTEM is < 85%. The primary outcome is inter-group comparisons of postoperative bleeding (for
24 h).The secondary measures include comparisons of perioperative blood transfusion, coagulation profiles, reopera-
tion, thromboembolic complications, seizures, in-hospital mortality, fibrinolysis phenotypes, and hospital costs.

Discussion The absence of inter-group differences in postoperative bleeding would support the selective strategy’s
non-inferiority in reducing postoperative bleeding in these patients. The possible reduction in thromboembolic risks,
seizures, and fibrinolysis shutdown in Group-GDT would support its superiority in reducing TXA-induced adverse
events and the cost of their management.

Trial registration This trial was registered at ClinicalTrials.gov with the registration number NCT05806346 on March
28,2023.

Trial status: recruiting.

Issue date: 2023 March 28 (by Tae-Yop Kim, MD, PhD).

The trial was registered in the clinical registration on March 28, 2023 (ClinicalTrials.gov, NCT05806346) and revised
to the latest version of its protocol (version no. 8, August 26, 2024) approved by the institutional review boards (IRBs)
of all 3 university hospitals (Konkuk University Medical Center, 2023-07-005-001, Asan Medical Center, 2023-0248,
and Samsung Medical Center, SMC 2023-06-048-002). Its recruitment was started on August 1, 2023, and will be
completed on December 31, 2024.

Protocol amendment number: 08 (protocol version 08, August 26, 2024).

Revision chronology:

2023 March 28:Original.

2023 April 10:Amendment No 01. The primary reason for the amendment is the modification of Arms (adding one
arm for sub-group analyses) and Interventions, Outcome Measures, Study Design, Study Description, Study Status,
Eligibility, and Study Identification.

2023 May 03:Amendment No 02. The primary reason for the amendment is to modify the Outcome Measures
and update the study status.

2023 July 06:Amendment No 03. The primary reason for amendment is to update the chronological study status.

2023 July 07:Amendment No 04. The primary reason for the amendment is the modification of study information
(the treatment category was changed to diagnostic, and Phase 4 was changed to not applicable) and a chronological
update on the study status.

2023 September 12:Amendment No 06. The primary reason for the amendment is a chronological update
in the study status and the inclusion of additional information regarding contacts/locations and oversight.

2023 December 29:Amendment No 07. The primary reason for the amendment is to modify the outcome measures
(including detailed information on outcome measures, addition of extra secondary measures, and chronological
updates in study status).

2024 August 26:Amendment No 08. The primary reason for the amendment is to add detailed descriptions regard-
ing data handling and the names and roles of the participating institutions and to update the chronological process
of the trial.

Keywords Cardiac surgery, Clinical trial, Goal-directed, Rotational thromboelastometry, Tranexamic acid, Viscoelastic
test

Background recommend the routine use of TXA during surgeries
Tranexamic acid (TXA) is an antifibrinolytic agent that ~ with a higher risk of bleeding, such as cardiovascular sur-
has been regarded to reduce the amount of surgical gery [1, 2]. The preemptive TXA administration has been
bleeding, allogenic blood transfusions, and deaths from  widely adopted in managing surgeries with a high risk of
bleeding in perioperative settings. Most major guidelines  bleeding.
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However, despite the recent meta-analysis reporting
the absence of increased thromboembolic events and
mortality [3], it is still debated whether preemptive TXA
administration is free from the risks of increasing mortal-
ity and inducing thromboembolic events in various clini-
cal settings [4-7].

Another concern is that TXA can dose-dependently
increase the risk of seizures in cardiac surgery [8-10].
TXA-induced seizures would be assumed as clinically
negligible and the benefit of TXA administration can
exceed its risks [11]. However, even a clinically non-sig-
nificant form of postoperative seizure warrants meticu-
lous evaluation and management, such as neurological
consultation with EEG monitoring, brain imaging, anti-
convulsant prescription, all leading to increased cost and
hospital stay.

TXA administration is to improve fibrin clot strength
and reduce bleeding by attenuating hyperfibrinolysis in
various clinical settings. However, a certain phenotype
of three different fibrinolysis phenotypes, such as physi-
ologic fibrinolysis, hyperfibrinolysis, and fibrinolysis
shutdown, increases mortality [12, 13]. Furthermore, in
trauma settings, TXA administration in a certain pheno-
type increases multi-organ failure (MOF) [14] and mor-
tality [15] and showed beneficial effects only in patients
with hyperfibrinolysis [16, 17].

In the meantime, ischemia—reperfusion induces hyper-
fibrinolysis by plasminogen activator (tPA) in the ischemic
endothelium in surgical settings. However, tissue injury by
surgical procedures can induce fibrinolysis shutdown [18].
In these contexts, a strategy with selective TXA admin-
istration according to the underlying fibrinolysis phe-
notypes would be desirable in cardiac surgery patients.
At least, TXA administration may have to be avoided in
these patients with fibrinolysis shutdown [12, 16].

As in managing acutely injured patients [18], point-
of-care (POC) viscoelastic tests (VET), such as
rotational thromboelastometry (ROTEM) and throm-
boelastography (TEG), would enable earlier determina-
tion of fibrinolysis phenotype [19] and prompt effective
antifibrinolytic therapy.

Therefore, the present trial hypothesizes that the
ROTEM-guided goal-directed TXA administration
would be non-inferior to the preemptive TXA admin-
istration in reducing postoperative bleeding in car-
diovascular surgery. The author also hypothesized that
goal-directed TXA administration would be superior in
reducing or avoiding undesirable effects of risk of TXA
administration, such as postoperative thromboembolic
events, seizures, fibrinolysis shutdown, and mortality.
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Methods/design

The aim, design, and setting of the trial

This trial is an investigator-initiated, randomized, dou-
ble-blind, placebo-controlled, parallel 2 groups with a 1:1
allocation ratio, multicenter, pragmatic, non-inferiority
trial and conducted in 3 tertiary university hospitals in
Seoul, South Korea, for 18 months, from August 1, 2023,
to March 31, 2025. As a non-inferiority trial, it hypoth-
esized that the postoperative blood loss in employing a
ROTEM-guided goal-directed TXA administration based
on the ROTEM test would be non-inferior to that in
preemptive TXA administration in patients undergoing
elective cardiovascular surgery. It also compares inter-
group differences in allogeneic blood transfusion, low-
est hemoglobin value, reoperation due to postoperative
bleeding, perioperative coagulation profiles, incidences of
thromboembolic complications, postoperative seizures,
and hospital costs. The perioperative data are conveyed
to the contract research organization (CRO, Helptrial
Co., Seoul, Korea) using an electronic case report form
(e-CRF, product name'", Helptrial Co., Seoul, Korea). An
overview of the processes for trial enrollment, treatment,
and follow-up is shown in Fig. 1. The conveyed data are
kept and opened for analysis after the discharge of the
last participating patients.

Protocol modification could be considered at all investi-
gators’ requests only during the first week of recruitment
at each institution. Since the trial is a pragmatic design
for evaluating the effectiveness of ROTEM-guided TXA
administration in clinical settings, apart from the TXA
administration, strategies and disciplines for periopera-
tive patient management, such as surgical procedures,
anesthesia, transfusions, and coagulation management,
are not strictly controlled. However, institutional proto-
cols for perioperative transfusion and coagulation man-
agement are based on current guidelines [20, 21].

Trial status

The trial was registered in the clinical registration on
March 28, 2023 (ClinicalTrials.gov, NCT05806346) and
revised to the latest version of its protocol (version no.
8, August 26, 2024) approved by the institutional review
boards (IRBs) of all 3 university hospitals (Konkuk Uni-
versity Medical Center, 2023-07-005-001, Asan Medi-
cal Center, 2023-0248, and Samsung Medical Center,
SMC 2023-06-048-002). Its recruitment was started on
August 1, 2023, and will be completed on December 31,
2024.

Eligibility for participants and informed consent

Adult patients scheduled for an elective cardiovascu-
lar surgery will be eligible for enrolment. Detailed eli-
gibility and exclusion criteria are as follows: inclusion
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ELIGIBILITY
Adults scheduled for elective cardiovascular surgery using

OBTAIN CONSENT

Consent is obtained before surgery by providing sufficient explanation
and allowing adequate time for consideration.

cardiopulmonary bypass are evaluated for eligibility based on their
medical history.

Before surgery

RANDOMISE

N=764 (1:1)
ROTEM-guided TXA administration or Empirical TXA administration.

v

INTERVENTION

Intraoperative ROTEM-guided TXA administration
(20mg/kg bolus)
if EXTEM-A10 < 40mm or LI60 EXTEM < 85%

INTERVENTION
Intraoperative Empirical TXA administration

(10mga/kg loading + 2mga/kg/hr continous infusion)

During surgery

All other perioperative management, except for intraoperative TXA administration,
is performed in accordance with each institution’s standard protocols

* Primary Outcome: amount of postoperative bleeding within 24 hours
The outcomes are collected until the time of discharge.

FOLLOW UP

| -

Before discharge

Fig. 1 Study flow chart for eligibility, randomization, intervention, and follow-up. TXA, tranexamic acid

criteria include adult patients undergoing elective car-
diovascular surgery and patients who signed informed
consent for the study. Written, informed consent to par-
ticipate will be obtained from all participants during the
preoperative visit.

Exclusion criteria include pregnancy, refusal of allo-
genic blood transfusion, thrombin medication, history
of myocardial ischemia infarction or ischemic stroke
within 90 days, history of thromboembolism, familial
history of hypercoagulation, history of allergic responses
to TXA, dialysis due to the end-stage renal disease, his-
tory of convulsions and epilepsy, and heparin-induced
thrombocytopenia.

The primary investigator, single senior investigators
in each institution, and certified research associates are
responsible for screening patients eligible for inclusion. All
investigators (anesthesiologists) explain trial details and
obtain written informed consent from potential eligible
participants.

Randomization and blinding of participants
The randomization sequence was generated using a com-
puterized random number generator by an independent
statistician in the CRO. The participants are assigned
to either Group-GDT or Group-P (1:1) through the
web-based randomization system managed by the CRO
(https://icreat2.nih.go.kr/). Randomization is stratified by
institution and types of surgery with variable block sizes.
In each institution, a senior investigator, who moni-
tors each institutional protocol, refrains from making any
perioperative management and oversees the randomiza-
tion process. The senior investigator prepares the combi-
nations for group assignments and delivers study drugs
to the anesthesiologists who care for the enrolled par-
ticipant in the operating room. Other investigators can-
not access the randomization sequences and the group
assignment, which are secured on the web-based ran-
domization system, till the end of data acquisition. The
group assignment also remains confidential and blinded
to the following individuals: participants, attending anes-
thesiologists and nursing staff, surgeons, medical staff in
the intensive care unit, and outcome assessors. However,
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if unblinding is beneficial in patients’ clinical outcomes or
is necessary for patient management in a certain case, the
information on the group assignment can be disclosed.
All unblinded cases are reported to the principal investi-
gator and excluded from the per-protocol analysis.

Patient withdrawal

Every reasonable effort will be made to maintain pro-
tocol compliance and retain patient participation in the
trial. Participation can be terminated if the patient wants
to withdraw from the study. The reason for withdrawal is
reported. All withdrawn participants will be managed in
accordance with the institutional standard procedures.

TXA or placebo administration

For blinding TXA or placebo administration, the sen-
jor investigator responsible for the group assignment
prepares the first and second study solutions, which are
only labeled as “Solution-1” and “Solution-2” and do not
specify which drug is contained in either solution. Solu-
tion-1 and Solution-2 are 0.9% NaCl 100 ml containing
TXA 2.0 g (TXA solution) or 0.9% NaCl 100 ml alone
(placebo).

Solution-1 is TXA solution in Group-P and Placebo in
Group-GDT, respectively. Before anesthesia induction,
Solution-1 is delivered to attending anesthesiologists in
the OR who are blinded to the patient group allocation
and administered in a bolus (0.5 ml/kg) after anesthesia
induction and continuously infused (0.1 ml/kg/h) till the
end of its infusion.

The ROTEM test is performed at least 3 times, after
anesthesia induction, immediately before weaning from

Page 5 of 12

CPB, and at the end of surgery. Additional ROTEM tests
can be performed at the need of the attending anesthe-
siologist. The investigator responsible for the group
assignment prepares Solution-2, which is the placebo or
TXA solution according to the group and the results of
the ROTEM test: it is always placebo in Group-P, regard-
less of the results of the ROTEM test; by contrast, it is
either the placebo or TXA solution according to the
results of the intraoperative ROTEM test in Group-GDT.
Solutioin-2 is placebo in Group-GDP patients with the
EXTEM amplitude at 10 min (A10-EXTEM)>40 mm
and lysis within 60 min in EXTEM assay (LI60-
EXTEM)>85% (these patients are defined as “Sub-
group-GDT0”), and TXA solution in those patients with
Al10-EXTEM is<40 mm or LI60-EXTEM in EXTEM
assay is<85% (these patients are defined as “Subgroup-
GDT1”). Solution-2, delivered to the blinded anesthesiol-
ogists, is administered in a bolus of 1.0 ml/kg for 10 min,
and the remaining volume of Solution-2 is returned after
the administration.

If there is diffuse oozing or massive bleeding, open-
label TXA administration is allowed, at the discretion of
the attending anesthesiologists, and the additional dosage
of TXA is recorded.

Figure 2 summarizes the study interventions.

The principal investigator, senior investigators, CRO,
and the data and safety monitoring boards (DSMB)
monitor the adherence to the trial protocol and exclude
non-adherence cases from the pre-protocol analysis. The
primary investigator will access the final data registry
after all data acquisition and storage.

| Pre-CPB cPB Post-CPB ‘
Placebo-solution 2
Y
Group-P TXA-solution 1 (TXA 10 mg/kg and 2 ml/kg/hr)
(n=362)
* ) )
E H| Placebo-solution 2 :
i ° )
Group-GDT . : .
(n=362) | Placebo-solution 1 :
. .
! TXA-solution 2 ]

(TXA 20 ml/kg)

Fig. 2 Interventions during surgery. TXA, tranexamic acid; Placebo, 0.9% Group-P, patients taking preemptive TXA administration; Group-GDT,
patients taking ROTEM-guided TXA administration; ROTEM, rotational thromboelastometry; CPB, cardiopulmonary bypass; Pre-CPB; pre-CPB period;

post-CPB, post-CPB period
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Rationale for TXA dosages

A low dose of TXA (total 20 mg/kg) was sufficient to
reduce postoperative blood loss and erythrocyte trans-
fusion, and it was associated with relatively decreased
seizure incidence compared to higher dosages in car-
diovascular surgery [22]. The latest European guidelines
also recommend a TXA dosage of no more than 20 mg/
kg in cardiac surgery [23]. Accordingly, the trial employs
20 mg/kg of TXA in Group-GDT. Considering the longer
TXA infusion period (extended to the pre-CPB and
CPB period), it employs a modified low-dose regimen
comprising TXA 10 mg/kg and infusion (2mg/kg/hr) in
Group-P [9].

Anesthesia and surgery
The trial adopts a pragmatic design to evaluate the
effectiveness of ROTEM-guided TXA administration
in real clinical settings. Pragmatic studies are typically
conducted without strict clinical trial conditions to
evaluate interventions in a variety of settings. There-
fore, apart from the administration strategy for TXA,
all other treatment strategies, including surgical pro-
cedures, anesthesia, transfusions, and coagulation
management, follow institutional protocols established
in consideration of current practice guidelines [20, 21].
Preoperative management, anesthetic, and surgical
techniques follow institutional protocols. The surgical
procedures are performed under general anesthesia. A

Table 1 Primary and secondary outcomes
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mild to moderate hypothermic CPB is applied. Hepa-
rin (300 IU/kg) will be intravenously administered
before initiation of CPB, with activated clotting time
(ACT) maintained above 400 s during CPB. After CPB,
circulating heparin will be antagonized with prota-
mine sulfate at a ratio of 0.75—-1 mg of protamine per
100 IU of heparin.

The trial employs the institutional standards for
undergoing cardiovascular surgery, and perioperative
ROTEM-based bleeding management algorithm [21].

Intraoperative cell salvage will be applied during
surgery.

Study outcomes
The trial compares clinically meaningful and objective
outcome measures.

The primary outcome of the study is the comparison
of the amount of postoperative bleeding collected in
the chest drainage during postoperative 24 h. Second-
ary outcomes include the incidences and total amounts
of intraoperative and postoperative allogeneic trans-
fusions (packed red blood cells, fresh frozen plasma,
platelets, and cryoprecipitate), amount of intraoperative
salvaged blood, postoperative nadir hemoglobin value,
reoperation due to bleeding, and perioperative coagula-
tion profiles (standard laboratory tests and ROTEM, as
well as the distribution of fibrinolysis phenotypes). Ter-
tiary prognostic outcomes include postoperative death,

Outcomes Definition

Primary outcome
Postoperative bleeding
Secondary outcomes
Incidence of transfusion

Volume of postoperative bleeding collected in the chest drainage during the first 24 h after surgery (mL)

Patients who had intraoperative and postoperative transfusion until discharge: packed RBC, FFP, platelet,

and cryoprecipitate (number of patients, %)

Amount of transfusion

Amount of intraoperative salvaged blood
Postoperative nadir hemoglobin value
Reoperation due to bleeding
Perioperative coagulation profiles

Amount of intraoperative and postoperative transfused packed RBC, FFP, platelet, and cryoprecipitate
per patients until discharge (units)

Volume of intraoperatively salvaged and reinfused blood (ml)

Lowest hemoglobin level measured during the first 24 h after surgery (g/dl)

Patients who underwent reoperation due to postoperative bleeding (number of patients, %)

The following coagulation profiles will be compared immediately after anesthesia induction, before wean-

ing from cardiopulmonary bypass, and at the end of surgery

Standard laboratory test

Hemoglobin (g/dL), D-dimer (mg/l), prothrombin time (INR), activated partial thromboplastin time (sec),

serum fibrinogen level (mg/dl), and platelet counts (/uL)

ROTEM test

Values of ROTEM tests including CT-EXTEM (sec), CTF-EXTEM (sec), A5-EXTEM (mm), A10-EXTEM (mm), A15-

EXTEM (mm), MCF-EXTEM, LI6O-EXTEM (%), CT-FIBTEM (sec), CTF-FIBTEM (sec), A5-FIBTEM (mm), A10-FIBTEM
(mm), AT5-FIBTEM (mm), MCF-FIBTEM (mm), LI6O-FIBTEM (%), A5-PLTEM (mm), and A10-PLTEM (mm)

Fibrinolysis phenotypes

Hyperfibrinolysis: LI60-EXTEM of < 85%

Physiologic fibrinolysis: LIG0-EXTEM of 85-97.9%
Fibrinolysis shutdown: LI6O-EXTEM of > 98%

CT clotting time, CTF clot formation time, EXTEM extrinsically-activated test with tissue factor, FIBTEM fibrinogen-specific test, A5 amplitude at 5 min, A70 amplitude at
10 min, A75 amplitude at 15 min, LI60 lysis at 60 min, PLTEM, estimated value calculated by EXTEM-FIBTEM
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Table 2 Tertiary prognostic outcomes

Outcomes

Definition

Postoperative death
Myocardial infarction

Stroke

Death due to any cause during hospitalization (number of patients, %)

Patients with following episodes: type 5 periprocedural myocardial infarction within postoperative 48 h defined

by Valve Academic Research Consortium (VARC) 3; in patients with normal baseline CK-MB, the peak CK-MB
measured within 48 h of the procedure > 10 x the local laboratory ULN or CK-MB > 5 x ULN with one or more

of the following: new pathologic Q-waves in>2 contiguous lead, new persistent LBBB, flow-limiting angiographic
complications in a major epicardial vessel or > 1.5 mm diameter branch, substantial new loss of viable myocardium
on imaging related to the procedure. In the absence of CK-MB measurements and a normal baseline cTn, a cTn (I
orT) level measured within 48 h of the procedure rises to > 70x the local laboratory ULN or>35x ULN with one

or more of the above criteria. In patients with elevated baseline CK-MB (or cTn), the CK-MB (or cTn) rises by an abso-
lute increment equal to those levels recommended above from the most recent pre-procedure level plus new ECG
changes as described (number of patients, %)

Patients with following episodes until discharge: sudden onset of neurological signs or symptoms with neuroimag-
ing confirmation of CNS infarction in the corresponding vascular territory; symptomatic ICH and SAH; symptomatic

hypoxic-ischemic injury (non-focal neurological signs or symptoms due to diffuse brain, spinal cord, or retinal cell
death confirmed by neuroimaging); or persistent (> 24 h) neurologic deficit presumed to be ischemia or hemor-
rhage (e.g., no neuroimaging) (number of patients, %)

Pulmonary embolism

Bowel infarction
Seizure
Delirium

Definite pulmonary embolism in the enhanced CT or angiogram or high probability ventilation-perfusion scan
until discharge (number of patients, %)

Bowel resection surgery or bowel infarction confirmed by imaging until discharge (number of patients, %)
Acute onset of generalized tonic—clonic activity or myoclonic movements until discharge (number of patients, %)
Positive screening result on the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) or a diagnosis

confirmed by psychiatrist or neurologist until discharge (number of patients, %)

Acute kidney injury
(number of patients, %)

Renal replacement therapy
Mechanical circulatory support

Defined by KIDGO serum creatinine criteria; 0.3 mg/dL increase within 48 h or> 1.5 times baseline within 7 days

Need for renal replacement therapy until discharge (number of patients, %)
Need for mechanical circulatory support such as extracorporeal membrane oxygenation, intra-aortic balloon

pump, ventricular assist device until discharge (number of patients, %)

Duration of mechanical ventilation
Length of the ICU stay

Length of the hospital stay

Total cost

Seizure-related cost

Total time (hour) a patient supported by a mechanical ventilator

Total time (hour) a patient spends in the ICU from admission to discharge

Total time (day) a patient spends from surgery to discharge

Total cost associated with a patient’s entire hospital stay

Cost related to seizure (e.g., electroencephalogram, neuroimaging, antiepileptic drug, consultation fees)

CAM confusion assessment method, cTn cardiac troponin, ICU intensive care unit, KIDGO Kidney Disease Improving Global Outcomes, UNL upper limit of

normal, LBBB left bundle branch block

myocardial infarction, stroke, pulmonary embolism,
bowel infarction, seizure, delirium, acute kidney injury,
renal replacement therapy, applications of mechanical
circulatory support, duration of mechanical ventilation,
length of intensive care unit and hospital stay, total cost,
and additional expenses due to seizure-related costs (e.g.,
EEG monitoring, neuroimaging, antiepileptic drugs, con-
sultation fee). Detailed definitions of the outcomes are
provided in Table 1 and Table 2.

Data acquisition and follow-up

Data collected in each institution are conveyed to the
CRO data registry through e-CRF. The participant’s
follow-up is scheduled 24 and 48 h after surgery, dis-
charge, or death. The trial is performed independently in
three institutions according to a pre-determined ratio of
patient recruitment. The trial steering committee (TSC),
which consists of the primary and senior investigators
of each institution, reviews the course of the trial to

oversee its conduct and progress and provides feedback
to all institutions every month. There is no stakeholder
and public involvement group (SPIG). Adverse events
and serious adverse events (SAE) are monitored and col-
lected. The CRO independently monitors the conveyed
data from all participating institutions and keeps the
data confidential in the registry. The CRO is independent
from the sponsor and competing interests.

Patient data are entered into a blank e-CRF in a web-
based data entry program. The data in each institution
are collected and delivered to the CRO through the web-
based system (MyTrial", San Diago, USA). The data
are stored after repeated query management processes
between the CRO and senior investigators. The partici-
pant’s postoperative follow-up is scheduled regularly.

The CRO independently manages the conveyed data
from all participating institutions and keeps the data con-
fidential by locking the database until the end of patient
recruitment. After locking, it can be unlocked only when
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a query is issued or an erroneous data entry is indicated.
After resolving the query and completing data modifica-
tion or correction, the database is relocked.

The CRO performs medical coding when data entry is
completed and when the rate of erroneous data is accept-
able (at least less than 0.1%).

Sample size calculation

The trial was designed as a non-inferiority trial, hypoth-
esizing that the mean postoperative 24-h bleeding in
Group-GDT would be non-inferior to that of Group-P.
In previous studies using TXA on the bleeding in car-
diac surgery [8, 10], the minimum effect of TXA admin-
istration on reducing the postoperative 24-h bleeding
(the chest tube drainage during postoperative 24 h) was
around 200 ml. Investigators set the non-inferiority mar-
gin of the present trial as 100 ml, which is 50% of the
minimum effect in the previous study [8]. Additionally,
we estimated that the standard deviation of the postop-
erative bleeding would be approximately 480 ml.

The sample size was 724 patients (362 patients per
group) to achieve a 2.5% one-sided significance level (a)
and 80% power (1-B) with the following assumptions:
an expected inter-group difference of the mean post-
operative bleeding is 0 ml, and a non-inferiority margin
is 100 ml with the standard deviation of 480 ml in both
groups. Considering a dropout rate of 5% after recruit-
ment, 764 patients (382 patients per group) are recruited
in total. The sample size was calculated using PASS 15
program'" (NCSS, Kaysville, UT, USA).

Statistical analyses

All primary analyses will be performed on an inten-
tion-to-treat basis (defined as all subjects randomized,
regardless of the treatment actually received). Second-
ary analyses will be performed in the as-treated popula-
tion (defined as patients who actually received treatment,
regardless of the randomized assignment) and the per-
protocol population (defined as randomized patients
excluding subjects for non-compliance, non-adherence,
or missing data).

Continuous variables will be summarized with descrip-
tive statistics such as mean and standard deviation, and
differences between groups will be confirmed using ¢-test
or Wilcoxon rank sum test. Categorical variables will be
reported as numbers and percentages and differences
between groups will be compared using the y* statistics
or Fisher exact test, as appropriate.

For the primary outcome, non-inferiority will be
assessed using a one-sided 97.5% confidence interval
(CI) for the mean difference and a non-inferiority margin
(=100 ml). We will also calculate the difference between
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the median and 95% CI for the primary outcome using
the independent samples Hodges-Lehmann estimator.

Except for the primary outcome, all reported p val-
ues will be 2-sided, and a p-value <0.05 will be consid-
ered statistically significant. Statistical analyses will be
performed with SAS version 9.4 (SAS Institute) and
R version 4.3.2 or higher (R Foundation for Statistical
Computing).

Handling of missing data

For the intention to treat analysis, missing data or drop-
out occurs at a certain time point during the study period
before the study is completed and will be replaced. The
method of replacing missing data will be used in two
extreme scenarios. In the worst-best-case scenario analy-
sis, all dropout patients in the experiment group showed
the maximum bleeding amount of the experiment group,
and all dropout patients in the control group were
replaced as non-bleeding. In the best—-worst-case sce-
nario analysis, the opposite assumptions are applied. If
there is a discrepancy between the two extreme analyses,
multiple imputation methods are implemented to find
the “tipping point” [24]. In addition, if the data collection
of postoperative bleeding was stopped due to reopera-
tion, the analysis is performed on the assumption that the
amount of bleeding immediately before the reoperation
continued, and sensitivity analysis is additionally per-
formed on the assumption that the last bleeding contin-
ues twice or three times.

Adverse events and their monitoring
Any unexpected adverse event not included in the trial
outcomes will be reported through the e-CRF form by
the participants or attending anesthesiologists, surgeons,
and nursing staff. The CRO regularly conveys the event
to the primary investigator and the Korea Health Indus-
try Development Institute, which includes experts for
anesthesia practice and anesthetic pharmacology, free of
conflict of interest, every month to get feedback from the
data and safety monitoring boards (DSMB). All adverse
events will be reported to the CRO and the DSMB.
DSMB audits the reported data related to adverse events.
Serious adverse event (SAE) is defined as any untoward
medical occurrence or effect that results in death, is life-
threatening (at the time of the event), prolongs the length
of hospital stay, or results in persistent or significant disa-
bility or incapacity or any other important medical event
that does not result in any of the outcomes listed above.
SAEs are directly reported to the PI and the DSMB, and
the follow-up data should be reported after 24 h. The trial
will be paused till the judges of the DSMB allow it to con-
tinue. SAEs are also reported to the IRB within 24 h.
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Provision for post-trial care

All participants who suffered any harm will be com-
pensated by the coverage of the contracted insurance
company (Hyundai Marine and Fire Insurance Group,
contract number F-22CT-0000121).

Funding

The study is funded by a grant from the Korea Health
Technology Research and Development through the
Korea Health Industry Development Institute (KHIDI),
funded by the Ministry of Health and Welfare, Repub-
lic of Korea (grant number: HI22C1952). This funding
source had no role in the design of this study and will not
have any role during its execution, analyses, interpreta-
tion of the data, or decision to submit results.

Sponsor

The Konkuk University Medical Center sponsors this
study and performs study design, data collection, and
management. As collaborators, the Asan Medical Center
performs study design, data collection, and management.
The Samsung Medical Center performs study design,
data collection, and management. Helptrial Co. performs
data collection and management as a CRO.

Composition of the coordinating center and trial steering
committee

Data collected in each institution are conveyed to the
CRO data registry through e-CRF. The participant’s fol-
low-up is scheduled 24 and 48 h after surgery, discharge,
or death.

The trial is performed independently in three insti-
tutions according to a pre-determined ratio of patient
recruitment. The trial steering committee (TSC), which
consists of the primary and senior investigators of each
institution, reviews the course of the trial to oversee its
conduct and progress and provides feedback to all insti-
tutions every month. There is no stakeholder and public
involvement group (SPIG).

Adverse events and serious adverse events (SAE) are
monitored and collected.

The CRO independently manages and monitors the
conveyed data from all participating institutions and
keeps the data confidential in the registry. The CRO is
independent from the sponsor and competing interests.

The trial does not have any committee for these issues.
Data collected in each institution are conveyed to the
CRO data registry through e-CRFE. The CRO regularly
monitors and keeps the conveyed data till the end of data
acquisition.
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Discussion

Routine antifibrinolytic therapy was advocated to man-
age systemic fibrinolysis identified by TEG during the
anhepatic phase of liver transplantation [25]. However,
transplant survivors after taking antifibrinolytic ther-
apy (aminocaproic acid) developed multiple pulmonary
emboli [26] and required fibrinolytic therapy [27]. Dur-
ing the three decades, fibrinolytic therapy became the
standard for managing arterial thromboembolic events
in the coronary, cerebral, mesenteric, and peripheral
vasculature.

On the other side, the widespread availability of TEG
contributed to determining excessive fibrinolytic con-
ditions in perioperative stings. However, the enthusi-
asm for administering antifibrinolytics was dampened
after the increased incidence of renal failure, myocar-
dial infarction, and mortality in the use of an antifi-
brinolytic agent (aprotinin) for CABG surgery [28]. As
in the use of other antifibrinolytics, it would be difficult
to overlook the possible association of TXA-induced
thromboembolic risks, such as stroke, myocardial
infarction, pulmonary embolism, and bowel infarction,
and mortality [5, 6].

As aforementioned, preemptive administration of TXA
has become a routine regimen for surgery with a higher
risk of bleeding since its benefits would outweigh its
risks. The greatest benefit of TXA administration is the
reduction of perioperative bleeding by attenuating hyper-
fibrinolysis-induced excessive perioperative bleeding and
allogenic transfusion, which has greater risks of increas-
ing patients’ morbidities. Therefore, TXA contributes to
reducing early and late morbidities, bleeding, and trans-
fusion-related risks, respectively, during surgeries with a
higher risk of bleeding, as in cardiac surgery. The absence
of an increase in thromboembolic events and mortality
upon using a wide range of TXA dosages (10—100 mg/kg)
in patients of any medical discipline also supported the
preemptive use of TXA [3].

Even a clinically non-significant form of postopera-
tive seizure warrants meticulous neurological evaluation
and brain imaging, leading to increased cost and hospi-
tal stay. Seizure and TXA dosage was variable, dosage-
dependent [29-31], or unrelated to the dosage [8, 32].
The trial employs TXA 10 mg/kg bolus and 2 mg/kg/h for
all patients in Group-P and TXA 20 mg/kg for selective
patients in Group-GDT, respectively.

Timely TXA administration would benefit patients with
hyperfibrinolysis and reduce much earlier mortality due
to perioperative bleeding. On the other hand, fibrinolysis
shutdown is an independent risk factor increasing early
death and death before hospital discharge [15], and per-
sistent shutdown increases late mortality in trauma [13].
Fibrinolysis shutdown associated with hypercoagulability



Nam et al. Trials (2024) 25:623

develops microvascular occlusion which induces organ
dysfunction [33]. Furthermore, TXA administration
increased multi-organ failure in severely injured patients
with fibrinolysis shutdown [14]. TXA would affect the
fibrinolysis phenotypes and may affect the incidence of
fibrinolysis shutdown. Even in trauma patients showing
hyperfibrinolysis, avoidance or judicious use of TXA was
advocated [34, 35].

Therefore, TXA may have to be avoided in patients
with fibrinolysis shutdown and selectively employed
according to the type of fibrinolysis phenotypes. Of inter-
est, most patients with fibrinolysis shutdown showed the
absence of hyperfibrinolysis with moderate coagulopathy
in trauma patients [15]. These patients require pro-coag-
ulant therapy, rather than antifibrinolytics, such as TXA.

This trial will provide valuable insight regarding the
impacts of TXA administration on adverse outcomes,
including thromboembolic events and mortality in cardi-
ovascular surgery. It will also provide the impact of TXA
administration on the fibrinolysis phenotype in these
patients.

Since the fibrinolysis status is very dynamic, its real-
time assessment would be difficult by determining
D-dimer and plasmin-antiplasmin activity during cardio-
vascular surgery. While VET, such as ROTEM or TEG,
has been employed for prompting goal-directed bleeding
management in cardiovascular surgery [21, 36], it may be
the best method to identify fibrinolysis phenotype at this
moment, as shown in the trauma [16, 17]. In cardiovas-
cular surgery, ROTEM test can provide valuable informa-
tion regarding the dynamic changes in fibrinolysis status
during and after CPB periods. The three fibrinolysis phe-
notypes, including hyperfibrinolysis, physiology fibrinol-
ysis, and fibrinolysis shutdown, can be determined by the
ROTEM as follows: EXTEM-LI60 of<82%, 82-97.9%,
and > 98%, respectively, or the maximum lysis of EXTEM
(ML-EXTEM) < 85%, 85-97%, and 97%, respectively [37].
ROTEM-based algorithm effectively determines coagu-
lopathy and hyperfibrinolysis, indicating the uses of pro-
coagulations and TXA for bleeding management [21].

This prospective, double-blind randomized controlled
clinical trial is the first trial to compare the efficacy and
risk of two TXA administration strategies, ROTEM-
guided goal-directed TXA administration and preemp-
tive TXA administration in cardiac surgery.

The trial compares postoperative bleeding, as the pri-
mary measure. If there is no significant inter-group
difference, the selective strategy is not inferior to the
preemptive strategy in perioperative bleeding manage-
ment in cardiac surgery. The trial also compares the
impact of both strategies on patient safety by compar-
ing the incidences of adverse outcomes, such as throm-
boembolic risks, seizure, and fibrinolysis phenotypes.

Page 10 of 12

Inter-group differences in the incidences may be the key
elements that support the superiority in reducing TXA-
induced risks and adverse events.

Abbreviations

A5 Amplitude at 5 min
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BDSM Board for data safety and monitoring
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MCF Maximum clot firmness
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VET Viscoelastic test
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